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Groupement de Recherche en Exobiologie
Executive Summary
Principal Investigator: Francois Raulin

GDR CNRS 1877, or Groupement de Recherche en Exobiologie, is a national
federation of research laboratories in Exo/Astrobiology, created by the National
Centre of Scientific Research (CNRS) in 1999 and renewed in 2003. Its main
goal is to promote, induce and coordinate the development of Exo/Astrobiology
scientific programs in France . It includes about 50 laboratories, and is
supported by the CNRS and CNES (the French Space Agency).

4 main research topics are addressed:

The ingredients of primitive life in their geological, planetological, and
interstellar context

• 

From the chemistry of the origins of life to the emergence of life:
structures and functions of biological molecules

• 

Terrestrial life as a reference: fossils, biomarkers, extreme
environments

• 

Habitats and signatures of extraterrestrial life • 

•  GDR Exobio has a scientific council consisting of 19 scientists from different
fields, including astrophysics, planetology, physics, chemistry, earth sciences,
life sciences, as well as philosophy and epistemology. The GDR has been
affiliated with the NAI since November 2001.

Main recent activities

During the period July 2003−June 2004, the GDR Exobio, within the framework
of its main 4 topics, has been active in several directions directly connected to
NAI activities. Below are just a few examples of these activities, with the
corresponding references given in the Reference List.

Several important results on Titan's organic chemistry have been obtained on
the potential presence of oxirane and ammonia on Titan (Bernard et al., 2003;
Coll et al., 2003). GDR members have participated in the CIRS−Cassini
observation of Jupiter (Flasar et al., 2004). New evidences that POM may be a
precursor of formaldehyde in comets has been obtained through laboratory
experimental data and modeling (Cottin et al., 2004; Fray et al., 2004). Dual
column gas chromatograph system has been developed for in situ analysis of a
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cometary nucleus (Szopa et al., 2004).

Our efforts were also devoted to investigate one of the most important
biological aspects of the origins of life, the RNA world hypothesis. We
discovered two co−ribozymes that are new hairpin ribozymes dependent on a
prebiotic compound: adenine (Meli et al., 2003). On the other hand, we were
able to show by Surface Enhanced Raman Spectroscopy (SERS) the detection
of subpicomolar amount of nucleic acid components trapped on mineral
surfaces (Elamri et al., 2003). We also studied the adsorption of adenine in
meteorite specimens (Elamri et al., 2004a) and the micro−distribution of
carbonaceous matter in Murchison meteorite by Raman imaging (Elamri et al.,
2004b).

New data have been obtained in the field of biomakers and the search for fossil
biofilms (Westall et al., 2003). The same team has organized two scientific
meetings in 2004 related to these topics: a workshop in Les Treilles , France ,
and an EGU session in Nice. In addition, Philippe Labrot, a graduate student of
the team, has created a website dealing with Mars and the origin of life at
http://www.nirgal.net/.

New effects of the accretion of juvenile micrometeorites on the birth of life on
the early Earth have been recently discovered. They focus on very high input
rates of micrometeoritic SO2 and smoke particles in the thermosphere, after the
formation of the Moon. SO 2 ended up being temporarily stored as sulfates,
which were recycled by hydrothermal sources, thus assisting the functioning of
the sulfides and thioesters "worlds" of exobiology. Altogether with CO2 and
H2O, also injected in the thermosphere by micrometeorites, SO2 and smoke
particles probably played a dominant role in the early greenhouse effect, at a
time when the optical thickness of the cloud of smoke particles (about 10)
made the early Sun looking like the full Moon (Maurette et al., 2003, 2004 a, b).

Our studies on extremophiles focus on the mechanism of DNA repair,
recombination and replication in extreme conditions (high temperature and
exposure to high doses of gamma rays). We have isolate new radioresistant
hyperthermophiles of the domain Archaea (Jolivet et al., 2003b, 2004),
including the most radioresistant hyperthermophiles known, Thermococcus
gammatolerans. This archaeon is nearly as resistant than Deinococcus
radiodurans. We have recently completed the sequencing of its whome
genome. We also have isolate new enzymes from hyperthermophiles, including
the first bipolar helicase (Constantinesco et al., 2004). We are currently
searching for viruses from hyperthermophilic environments from different
collections of hyperthermophiles, including a new one recently characterized at
the molecular level (Lepage et al., 2004). A first virus of anaerobic
hyperthermophiles has been isolated (Geslin et al., 2003). Our phylogenetic
analyses point to a hyperthermophilic ancestr of archaea and have possibly
revealed a novel mechanism that controls the rate of genome evolution
(Brochier et al., 2004). They also suggest a very important role of viruses in
early cellular evolution (Filée et al., 2003) and probably in the transition
between the RNA and the DNA world (Forterre et al., 2004). We have
previously shown that DNA was probably invented twice independently in the
course of evolution (Myllykallio et al., 2002).
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We have analyzed how rings of extrasolar planets may lead to a wrong
determination in the planet radius from its thermal emission, and we have
shown that the analysis of the planet light curve in reflected light circumvents
this source of error.

Exobio'03, the 3rd bi−annual National exo/astrobiology summer school took
place in Corsica in September, 2003. As for the 2 previous schools, it was
attended by about 80 participants coming from astronomy and geophysics,
chemistry and biology. The program of this 7−day school included four main
topics: (i) evolution of complex systems, and auto−organization; (ii) time scales
in astronomy, geology, chemistry and biology; (iii) impacts and volcanism; and
(iv) interstellar chemistry. The second item was also the main topic of a
dedicated 3−day workshop organized by M. Gargaud in St−Emilion (a well
known vineyard) attended by 15 participants, which should induce a larger
reflection on this problem and a joint publication.
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Future Hopes

The GDR wishes to participate in cooperative programs of research, on clearly
identified topics, in the framework of its affiliation to NAI. The NAI connection
should be a great opportunity to share and exchange researchers, in particular
Ph.D. students, to promote joint participation in research programs on
Exo/astrobiology, and to use the synergy induced by the different ways of
thinking and working of researchers from different origins to promote the wide
field of Exo/astrobiology. Targets such as Titan, in relation to Cassini−Huygens,
Mars and its international program of exploration, and Europa and Extrasolar
planets are already among the topics of high interest likely to be part of such
joint research projects. In addition, the need for networking, with new and
efficient tools for teleconferencing (including asynchronous communication)
remains a technical priority.
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